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ABSTRACT 
 
 
Brick is one of the most common masonry units used as building material. 
Due to the demand recently, different types of waste materials have been investigated 
to be incorporated into bricks. The utilization of these waste materials in fired clay 
bricks usually has positive effects on the properties such as lightweight bricks with 
improved shrinkage, porosity, and strength. The main objective of this study is to 
focus on the properties and environmental impact of the mosaic sludge incorporated 
into fired clay bricks. The characteristics of raw materials obtained by using the X-
Ray Fluorescence Spectrometer showed that the chemical composition of the raw 
materials of clay soil and mosaic sludge was high with silicon dioxide and 
aluminium oxide and with the same chemical composition BS and PS are suitable to 
replace clay soil as raw materials. The recommended percentage of BS and PS 
incorporation was up to 30% with better physical and mechanical properties. The 
results showed that the utilization of BS and PS brick obtained higher compressive 
strength up to 25 N/mm
2
 and low initial rate of suction under the limit of 5 g/mm
2
. 
The leachability tests such as Toxicity Characteristic Leaching Procedure (TCLP), 
Synthetic Precipitation Leaching Procedure (SPLP) and Static Leachate Procedure 
(SLT) were conducted to determine the results which complied with the United State 
Environment Protection Agency (USEPA) and Environment Protection Agency 
Victoria (EPAV). As for the indoor air quality, BS sludge and PS sludge could be 
incorporated up to 30% in the fired clay bricks for good physical and mechanical 
properties that complied standard requirements for heavy metals with better indoor 
air quality based on the Industry Codes of Practice on Indoor Air Quality (ICOP-
IAQ) standards. Therefore, BS and PS wastes can be an alternative low cost material 
that provides an environmentally friendly disposal method.  
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ABSTRAK 
 
 
Bata merupakan satu unit masonri yang biasa digunakan sebagai bahan binaan. 
Berdasarkan permintaan, beberapa jenis sisa yang berbeza telah dikaji dan 
dimasukkan ke dalam batu bata. Penggunaan sisa ini di dalam bata tanah liat 
kebiasaannya mempunyai kesan yang positif terhadap sifatnya seperti batu-bata 
ringan yang diperbaik dari segi penyusutan, keliangan, dan kekuatan. Objektif utama 
kajian ini untuk memfokuskan ciri-ciri dan kesan terhadap alam sekitar dengan 
menggunakan sisa Bodymill Sludge (BS) dan Polishing Sludge (PS) ke dalam bata 
tanah liat. Ciri-ciri yang telah diperoleh dengan menggunakan Spektrometer 
Pendarfluor Sinar-X (XRF) menunjukkan komposisi kimia bahan mentah daripada 
tanah liat dan enap cemar mozek mengandungi silikon dioksida dan aluminium 
oksida yang tinggi dengan komposisi ciri yang sama BS dan PS sesuai menggantikan 
tanah liat sebagai bahan mentah. Peratusan PS dan BS yang disyorkan sehingga 30% 
dengan sifat fizikal dan mekanikal yang lebih baik. Penggunaan enap cemar 
sepenuhnya daripada bata BS dan PS memperolehi kekuatan mampatan yang paling 
tinggi dengan 25 N/mm
2
 dan kadar awal ujian sedutan dibawah had 5 g/mm
2
. Semua 
ujian pengurasan untuk Prosedur Pengurasan Ciri Ketoksikan (TCLP), Prosedur 
Pengurasan Hujan Tiruan (SPLP) dan  Ujian Pengurasan Statik (SLT) ditentukan dan 
secara amnya mematuhi Agensi Perlindungan Alam Sekitar Amerika Syarikat 
(USEPA) dan Agensi Perlindungan Alam Sekitar Victoria (EPAV). Sementara itu 
kualiti udara dalaman, enapcemar BS dan enapcemar PS boleh digunakan sehingga 
30% di dalam bata tanah liat kerana sifat fizikal dan mekanikal yang baik yang 
mematuhi piawaian bagi logam berat dan dengan kualiti udara dalaman yang lebih 
baik berdasarkan  piawaian Kod Amalan Industri Kualiti Udara Dalaman (ICOP-
IAQ). Oleh itu, enap cemar BS dan enap cemar PS boleh menjadi alternatif sebagai 
bahan berkos rendah dalam menyediakan kaedah pelupusan yang mesra alam sekitar. 
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 CHAPTER 1 
 
 
 
 
INTRODUCTION  
 
 
 
 
1.1 Background study 
 
Sludge is often associated with human waste from residential sludge. However, 
sludge can also be produced by industrial waste, hospital waste, wastewater 
treatment plant, runoff from the street, farmland and in some cases from landfill 
leachate. Generally, sludge from residential areas is in organic form (Henze, 2008). 
Thus, this waste causes less harm and impact to the environment compared to 
industrial waste. On the other hand, industrial sludge could be in the organic or 
inorganic form (Werle & Dudziak, 2014; Labrincha et al., 2013). Inorganic content 
is always the main concern of industrial sludge especially heavy metals that require 
specific treatment to prevent environmental pollution.   
The Malaysian Environmental Quality Report (Malaysia Environmental 
Quality, 2014) claimed that Malaysia generated about 2.5 million metric tonnes of 
waste in 2014. This value decreased slightly by 14.29% compared to 2.9 million 
metric tonnes generated in 2013. The generated waste consists of mineral sludge, 
heavy metal sludge, dross, slag, clinical waste, clinker, ash, gypsum, oil and 
hydrocarbon. In Malaysia, 1.6 million metric tonnes of industrial sludge are 
produced per year and 0.81 million metric tonnes were disposed of at sanitary 
landfills (Malaysia Environmental Quality, 2014).  
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Furthermore, sludge from industries will also become a critical issue due to 
public concern and limited availability of land (Abdul Latif et al., 2012). Moreover, 
landfills have also been regarded as one of the major contributors to the negative 
impact on the environment in Malaysia (Lau et al., 2008). Huge amounts of 
industrial sludge have been accumulated and an alternative disposal method is 
essential as landfills are no longer an ideal disposal method for this type of waste.  
Until now, Malaysia is still facing difficulties in locating suitable landfill sites 
(Masirin et al., 2008), although at present there are more than 165 operating landfills 
and 131 ends of life landfills in Malaysia (Perbadanan Pengurusan Sisa Pepejal dan 
Pembersihan Awam (PPSPPA), 2014). Landfills are mostly used as open dumping 
area (Ngoc, 2009).  
Currently, many researchers have successfully incorporated sludge into fired 
clay brick for example marble sludge, stone sludge (Rajgor et al., 2013), water 
treatment sludge (Victoria et al., 2013; Babu & Ramana, 2013), sewage sludge 
(Ingunza et al., 2011; Sidrak, 1996), and textile sludge (Jahagirdar et al., 2013; 
Herek et al., 2012). The utilization of waste in clay bricks usually has positive effects 
on the properties such as lightweight bricks with higher strength, improved 
shrinkage, porosity and thermal properties. The lightweight bricks are preferable and 
will reduce transportation and handling cost. Moreover, mixing waste into bricks will 
reduce clay content in the fired clay brick and eventually reduce the manufacturing 
cost (Abdul Kadir et al, 2011). 
Due to high demand, flexibility and the success of sludge waste 
incorporated into fired clay brick, more researchers are motivated to investigate 
further on the potential of different sludge to be incorporated into bricks.  
This study focuses on the utilization of mosaic sludge into fired clay bricks. 
Mosaic sludge was obtained in semisolid condition from Malaysia Mosaic Berhad 
(MMB). The properties and environmental impact of the incorporation of mosaic 
sludge were also investigated. 
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1.2 Problem statement  
 
The mosaic industry is one of the industries that contribute to sludge waste in 
Malaysia. There are about 66 mosaic factories registered under the Construction 
Industry Development Board Malaysia (CIDB) (2013). According to the Malaysian 
Mosaic Berhad (MMB), around 5 to 8 tonnes of mosaic sludge are produced for 
every batch of mosaics manufactured per day for each factory. Hashemi (2014) has 
demonstrated that mosaic is categorised as a non-metal industry that has been 
producing about 250 tonnes of waste including concrete waste, tile waste and stone 
body waste. Due to the massive amount of wastes and their toxicity, the mosaic 
sludge could give a huge damage to landfill as well as the environment.  
The huge amounts of mosaic sludge waste resulted from the cutting, 
polishing, processing and grinding activities from producing mosaic. Most of the 
mosaic sludge was disposed of in landfills and some of the sludge was flushed away 
into the drainage system. Mosaic sludge has also been classified as scheduled waste 
(SW 204) containing principally inorganic contamination, one or several metals such 
as Cadmium, Copper, Zinc, Lead and Nickel (Department of Environment, 2015).  
Furthermore, mosaic sludge from the mosaic industry contains different 
concentrations of heavy metals (Kulkarni et al., 2014; Ismail et al., 2010) such as 
Copper (Cu), Zinc (Zn), Iron (Fe), and Chromium (Cr) that could affect human 
health and the environment. High concentrations of heavy metal could be toxic to the 
human body and cause multifarious diseases such as anaemia, intestinal irritation, 
lung cancer, bone defect (osteoporosis), nerve tissue, liver and kidney damages 
(Zaidi et al., 2012). 
Recycling and reusing mosaic sludge by incorporating it into fired clay 
brick as previously conducted by many researchers with different types of sludge 
could give advantages to the brick properties as well as creating an environmentally-
friendly disposal method for the waste. Nevertheless, in previous research most of 
the researchers only focused on the physical and mechanical properties. There is a 
lack of investigation carried out on the environmental impact of sludge waste 
utilization.  Therefore, in this study, an investigation was carried out to determine the 
suitable percentages of mosaic sludge to be incorporated into fired clay brick. The 
study includes the investigation of physical and mechanical properties such as 
compressive strength, shrinkage, density and the initial rate of suction as well as the 
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environmental impact towards the environment due to the leachability and indoor air 
quality aspect.  
 
1.3 Objectives   
 
This study will be conducted using two different types of sludge from the mosaic 
industry which are bodymill and polishing waste. The objectives of this research are: 
 
(i). to determine the chemical composition and concentration of heavy metals in 
two types of sludge waste from the mosaic industry (from bodymill (BS) and 
polishing (PS) process) . 
(ii). to investigate the maximum percentage of mosaic sludge waste that could be  
mixed into fired clay bricks due to its physical and mechanical properties. 
(iii). to determine the heavy metal leachability from the mosaic sludge waste after 
its incorporation into fired clay bricks. 
(iv). to measure indoor air quality of the fired clay brick incorporated with sludge 
mosaic waste. 
 
1.4 Scope of work 
 
Mosaic sludge waste was collected from the Malaysia Mosaic Berhad (MMB) 
located in Kluang, Johor and clay soil was provided the by Hap Seng Company. The 
scope of the study includes the determination of chemical composition and heavy 
metal concentration from two types of mosaic sludge waste by using X-Ray 
Fluorescence Spectrometer. Different percentages of two types of mosaic sludge 
waste (0%, 1%, 5%, 10%, 20% and 30%) were incorporated into fired clay brick. 
The physical and mechanical properties (compressive strength, density, shrinkage, 
the initial rate of suction and morphology) were tested. The heavy metal leachability 
of the fired clay brick incorporated with sludge were examined by using the Toxicity 
Characteristic Leaching Procedure (TCLP), Synthetic Precipitation Leaching 
Procedure (SPLP) and Static Leachate Procedure (SLT) methods. Indoor air quality 
of the sludge brick samples was conducted in the column, wall and cube form to find 
the appropriate parameters. IAQ test was measured by using Air monitor, Toxicity 
meter, Formaldemeter htV , Aeroqual Series 500 and Dust Track Monitor.  
CHAPTER 2 
 
 
 
LITERATURE REVIEW 
 
 
 
2.1 Introduction  
 
Mosaic is known as small coloured pieces of hard materials such as stone, 
tile or glass. It was made to provide a durable form of decoration for walls 
and pavements. Back in 1829, the first mosaic was found in Greece on the 
east portico floor of the temple of Zeus at Olympia. The first mosaic 
mentioned in the literature is the Heiron II ship that was made of mosaics in 
the middle of the third century. It took 300 skilled workmen a whole year to 
produce it (Struck, 2009). The production of mosaic contributed a lot of 
sludge annually worldwide and most of it ended up in landfills (European 
Commission, 2015; Malhotra & Chugh, 2005).  
 
2.2 Mosaic  
 
Mosaics are usually made of clay, sand, feldspar, quartz and water (Varghese, 2015). 
These ingredients are mixed and ground up to create body slip. Body slip is used as a 
base for topping. After that, the body slip is put into the dryer and heated.
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The body slip will turn into dry dust or powder and put on dry pressing. 
Higher temperature will produce stronger tiles. The maximum temperature 
used is 1300ºC (Preez, 2009). 
In the mosaic fabrication process, various types of waste including 
sludge, dust and solid waste will be produced. Nevertheless, the amount of 
the sludge produced is quite high compared to other types of waste. 
Furthermore, mosaic sludge contains chemical pollutants from mosaic 
colouring substances which will cause pollution towards the environment if 
these are not managed in a proper manner. The majority of traditional 
ceramic products will produce oxides such as silica (SiO2), aluminium 
(Al2O3), lime (CaO) and alkaline oxides (Na2O, K2O) (Segadaes et al., 
2005). On the other hand, heavy metals accumulated in the waste were used 
as a pigment for glazing the ceramics (Fadaly & Enany, 2015; Marangoni et 
al., 2014).  
 
2.2.1 Mosaic manufacturing  
 
In mosaic manufacturing, raw materials can originate from sand, white clay, 
talc, feldspar, illite, kaolinite clay, calcite and dolomite. The raw materials 
will be brought to the plant for storage before the manufacturing process. 
After that, the raw materials will be mixed with water before turning into 
mixed slurry (Figure 2.1a). The slurry will be transferred to a storage tank 
fitted with an atomizer. The slurry mix will turn into an atomized powder 
after being blown by hot air (Figures 2.1b and 2.1c).  
The slurry powder will then be transferred to a tray before being 
pressed by a hydraulic press between 340 kg/cm
2
 to 400 kg/cm
2
. That turns 
the powder into a solid mass (Figure 2.1d). After the body is formed, further 
drying process is conducted to eliminate the remaining moisture (Figure 
2.1e). Glaze and screening (Figure 2.1f) applications are important stages 
because they will provide aesthetic beauty, water repellency, durability and 
hygienic properties to the mosaic. After the glaze is applied, the mosaic is 
fired in the kiln with temperatures of 1050ºC (Figure 2.1g) (Boch & Niepce, 
2007). The mosaic production process is illustrated in Figure 2.1. 
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Figure 2.1: Mosaic manufacturing process (Advameg, 2015) 
 
2.2.2 Types of mosaic 
 
Mosaics come in different colours, shapes and chemical combinations. They are also 
produced as a result of different manufacturing methods. Mosaic tiles consist of 
several common types that are often used for buildings, recreational parks and 
monument statues. The most common mosaics used are ceramic, vitreous glass, 
smalti glass, and organic tiles (Kelley & Trebilcock, 2000). 
 
2.2.2.1 Ceramic 
 
Ceramic is commonly sold as crafts. Ceramic can be found either in a glazed or 
unglazed finish. It looks like stone and is easily cut or cracked. Ceramic is the 
weakest mosaic material as it is not resistant enough to hold up under heat and 
freezing temperatures (Carter & Norton, 2013). 
 
               (a)                     (b)                             (c)                                      (d) 
 
                                                               (h) 
 
 
(e) (f)                        (g) 
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2.2.2.2 Vitreous glass 
 
Vitreous glass is a stone tile that looks like glass and it is one of the common 
inexpensive tiles. These opaque tiles are good for indoor and outdoor projects as well 
as for use in wet areas. This tile is typically used for pools, shower floors, walls and 
kitchen backsplashes (Cusick & Kirby, 2003). 
 
2.2.2.3 Smalti glass 
 
Smalti glass is one of the most expensive tiles and were used back then by the 
Romans. Smalti glass tiles come in a lot of different colours compared to other tiles. 
The price of this tile is determined by the colour and weight of the tile.  Smalti glass 
is also found in different cuttings such as normal, ravenna, pizzas and piastrina cuts 
(Jacobsen, 2005). 
 
2.2.2.4 Organic tiles 
 
Organic tiles are also known as earth tone tiles that are made from marble, granite 
and limestone. These tiles maintain the original surface pattern and each tile has 
different values depending on its raw materials (Carter & Norton, 2013). 
        
2.3 Mosaic sludge 
 
Sludge is defined as solid-liquid or semisolid materials that are produced as waste 
from any domestic or industrial activities. Sludge may contain heavy metals based on 
the different types of raw materials used in various industries. A lot of sludge has 
been used as additives to be incorporated into clay bricks such as marble sludge, 
stone sludge (Rajgor et al., 2013), water treatment sludge (Victoria et al., 2013; Babu 
& Ramana, 2013), sewage sludge (Ingunza et al., 2011; Sidrak, 1996), and textile 
sludge (Jahagirdar et al., 2013; Herek et al., 2012). 
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2.3.1 Bodymill sludge 
 
Bodymill sludge comes from the body milling process in the manufacturing of tiles 
at MMB. The bodymill process involves crushing hard materials and dry mill. The 
continuous mill will be stored in an underground tank. Colouring of tiles also occurs 
during this process. Excessive use of water in this process will be collected in a 
recovery tank. Water in the recovery tank will be filtered out in the wastewater 
treatment plant. The residue solution from this process will turn out into sludge 
waste. This kind of sludge is called body milling sludge. Figure 2.2 shows the 
processes which occur during body milling. (Malaysia Mosaic Berhad, 2015). 
 
 
Figure 2.2: Bodymill process 
 
2.3.2  Polishing sludge 
 
Polishing sludge occurs during the polishing process. A few procedures occur during 
the polishing process which are glazing and printing. During the polishing process 
finished tiles will be glazed in order to provide colour texture on ceramic tiles. At 
this stage, a large amount of water will be used. Excessive water from this process 
will be transferred into a recovery tank. The process of sludge occurring in the 
polishing process is the same as the body milling process. Figure 2.2 shows glazing 
and printing that occur during the polishing process (Malaysia Mosaic Berhad, 
2015). 
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Figure 2.3: Polishing process 
 
2.4 Fired clay brick  
 
Bricks are manufactured from a variety of materials such as clay, lime, 
sand/flint and natural stone. Bricks which build masonry structure are 
bonded with mortar or grout. Fired clay bricks are manufactured by shaping 
suitable clay to units of standard size (Gonzalez & Islas, 2014; Arya, 1994). 
 
2.4.1 Raw material  
 
Essentially, fired clay brick is produced by mixing ground clay with water, 
forming the clay into the desired shape, and these are followed by drying 
and firing. Clay owns some specific properties and characteristics. Clays 
have plasticity, which is permitted to be shaped or moulded when mixed 
with water. Clay must have adequate wetness and air dried strength to 
maintain the shape after forming and fusing together under correct 
temperature (Kogel et al., 2006). Clay is a complex material and occurs in 
three principal forms which are surface clays, shales and fire clays. Surface 
clays and fire clays are different compared to shales but similar in chemical 
composition. Shales represent more in physical structure than chemical 
composition. The clay surfaces are the upthrusts of older deposit and are 
more recent in the sedimentary formation that can be found near the surface 
of the earth. The fire clays are usually found at deeper levels and have 
refractory qualities (Brick Industry, 2006). The main chemical composition 
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in these three types of clays are silica (SiO2) (generally between 55% and 
65% by weight) and alumina (Al2O3) (10% to 25%) with varying amounts of 
metallic oxides and other impurities. Metallic oxides (particularly iron, 
magnesium and calcium) influence the colour of the finished fired brick 
(Michael et al., 2006). 
The production varies in chemical composition and physical 
properties by mixing clays from different sources and different types of 
brick design. Fired clay brick from the same manufacturer will have slightly 
different properties in subsequent production runs. Moreover, bricks from 
different manufacturers that appear similar may be different in terms of 
other properties (Campbell et al., 2003). 
 
2.4.2 Fired clay brick manufacturing process 
 
The fundamentals of brick manufacturing have not changed over time. 
However, technological advancements have made contemporary brick plants 
to improve substantially and become more efficient. In the 19
th
 century, 
brick making was improved by using the brick-making machines (Bender et 
al, 2011). The manufacturing process has six general phases as shown in 
Figure 2.4.  
 
 
 
Figure 2.4: Brick manufacturing process (Bender et al., 2011) 
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2.4.2.1  Mining, storage and clay preparation.  
 
Mining equipment will be used to excavate surface clays, shales and some 
fire clays, and then the clay will be transported to a storage area in a factory 
compound. Before fired clay bricks are made, the clay is washed thoroughly 
in a wash-mill and stored in a large open storage area called clay backs until 
the clay is ready to be used. Another method is to stack the clay in bulk in an 
open area for the rain to wash out the soluble salt particles, which might 
cause white scum on the surface of the wall or brickwork. The raw materials 
will also be screened to control the particle size (Kreh, 2015; Ibstock, 2005) 
 
2.4.2.2 Forming and cutting  
 
In terms of forms, the clay will be mixed with water to mould the brick.  After that, 
the clay is fed into the mould and pressed into the shape required. Nevertheless, there 
are three principal processes for forming the brick. Firstly, a stiff mud process with 
water in the range of 10% to 15% is mixed into the clay to produce plasticity. The 
clay is passed through a de-airing chamber maintained in a vacuum of 15 in to 29 in. 
(375 mm to 725 mm) of mercury. De-airing removes air holes and bubbles, giving 
the clay increased workability and plasticity. Secondly, there will be a soft–mud 
process. The soft mud process is particularly suitable for clays containing too much 
water to be extruded by the stiff mud process. Mixed clays with 20% to 30% water 
will be formed into moulds. In order to prevent clay from sticking, the moulds are 
lubricated with either sand or water to produce “sand struck” or “water struck” brick. 
Bricks may be produced in this manner by machine or hand. The third procedure is 
the dry-press process. This process is particularly suited for clay with very low 
plasticity. Clay mixed with a minimal amount of water (up to 10%), and then pressed 
into the steel mould under pressure from 500 psi to 1500 psi (3.4 MPa to 10.3 MPa) 
via hydraulics or compressed air arms (Environment Protection Agency, 1997)
 
 
 
 
 
13 
 
2.4.2.3 Drying  
 
Clay bricks must be dried before firing, and this can be done in two different 
ways. Firstly, the bricks will be stored in open air in long rows called drying 
hacks, where the bricks are stacked on edges about seven courses high with 
short-term wooden covering over them as defence against wind and rain. 
This method is slower and completely depends on the weather conditions. 
The second method is by stacking them in a drying chamber with a 
temperature of 105ºC and this method is more controlled and only takes a 
few days to dry. The drying operation is essential to avoid the bricks from 
twisting, warping and cracking (Fernandes et al., 2009). 
 
2.4.2.4 Firing 
 
The firing process requires high temperature. The firing process could be 
achieved between 10 to 40 hours depending on the kiln type and function. 
The common types of kiln used for this operation are clamp, scotch, down-
drought, and Hoffman. Firing can also be divided into a few stages from 
final drying, dehydration, oxidation, vitrification and flashing with 
temperatures from 150°C to 1316°C (Reeves et al., 2006). 
 
2.4.3 Types of bricks  
 
Fired clay bricks are shaped using suitable clays to units of standard size 
(215 mm x 102.5 mm x 65 mm) as show in Table 2.1. Fired clay bricks can 
be classified into three categories: common, facing and engineering.  
 
Table 2.1: Sizes of bricks (BS 3291:1985) 
Coordinating size Work size 
Length width Height length width height 
Mm mm Mm mm mm mm 
225 112.2 75 215 102.5 65 
Note: The work sizes are derived from the corresponding coordinating sizes by the 
subtraction of a nominal thickness of 10 mm for the mortar joint.  
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2.4.3.1 Common bricks 
 
Common bricks have no particular finish on any surface, and are generally 
intended for use during internal work or any work which is to cover, or 
where appearance is of secondary importance (Pacyga & Shanabruch, 2003; 
Nash, 1966). 
 
2.4.3.2 Face bricks 
 
Face bricks are most frequently used for exposed surfaces because they 
possess a higher quality than building bricks, with better durability and 
better appearance. Face bricks are usually available in a variety of shades of 
red, brown, grey, yellow and white with many patterns and textures 
(Amrhein, 1998; McKay, 1976). 
 
2.4.3.3 Engineering bricks  
 
Engineering bricks are very dense bricks normally used for walls or piers 
which have to carry load retaining walls, bridge abutment and pier lining. 
This type of brick may be subjected to exposure, abrasion and acid attack 
(Amrhein, 1998; Nash, 1966). 
 
2.4.3.4 Fire bricks  
 
Fire bricks are used for fireplace lining, shafts, boilers, kiln and wood stoves, where 
resistance to heat is required. These types of brick are made from deep-mined fire 
clay of greater purity than other clays, and are strongly resistant to the effects of 
heating and cooling cycles. Fire bricks are commonly larger than standard bricks 
(Amrhein, 1998; Charles, 1992). 
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2.4.3.5 Sand-lime bricks 
 
Sand lime bricks consist of lime and sand as the main materials in the 
proportion of about 1:8. The mixture will contain a very small amount of 
water. Sand lime bricks can be divided into four classes. The first type is 
suitable for high strength or continuously being saturated with water. The 
second type is built for general external facing work. Thirdly, the brick is 
suitable for general external facing work in mortars and fourth, the brick is 
suitable for internal work in mortars (Nash, 1966). 
 
2.4.3.6 Concrete bricks  
 
Concrete bricks employ cement and sand as the main raw materials. BS 
1180 deals with the minimum requirement for these bricks. Another type of 
concrete brick is made of cement and furnace clinker or fly ash (Amrhein, 
1998). 
     
2.4.4 Properties of fired clay brick  
 
2.4.4.1 Density  
 
Density is the mass relation of fired clay brick to the total volume. The firing 
temperature can affect the particle density of the bricks due to contraction and 
expansion. The bricks made with clay normally obtain bulk density averaging 1800 
kg/m
3
 to 2900 kg/m
3
. Density of frogging and hollow bricks are normally around 
2000 kg/m
3
. Fired clay brick can still be classified as solid brick if there is less than 
25% of perforation by volume (Virdi, 2012). 
 
2.4.4.2 Compressive strength  
 
Compressive strength is the maximum stress that can be handled by the brick under 
crush loading. Compressive strength is designed by dividing the maximum load with 
the original cross-sectional area of the brick. As it is widely known, bricks can resist 
compaction strength higher than tension. Every type of brick has its own strength. 
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Engineering bricks tend to be dense and strong and can be classified into Class A and 
Class B (BS 3921:1985) as shown in Table 2.2. 
 
Table 2.2: Compressive strength (BS 3921:1985) 
Class  Compressive strength 
 
Engineering A 
Engineering B 
N/mm
2
 
≥70 
≥50 
Damp-proof course 1 
Damp-proof course 2 
≥5 
≥5 
All others  ≥5 
Note 1: There is no direct relationship between compressive strength and water absorption as given in 
this table and durability  
Note 2: Damp-proof course 1 bricks are recommended for use in buildings whilst damp-proof course 
2 bricks are recommended for use in external works (see Table 13 of BS 5628-2:1985) 
 
2.4.4.3 Initial rate of suction (IRS) 
 
Initial rate of suction functions to measure the ability of bricks by allowing water to 
pass through it. To determine water absorption, there are several methods that can be 
used to measure this test. 
As a consequence of extensive research on the structural performance of 
fired clay masonry, the importance of water absorption as a determinant of its 
behaviour in flexure is recognized. There are three related levels of water absorption 
towards the characteristics of flexural strengths used in the design which are less than 
7%, between 12% and over 12%. Engineering bricks have low water absorption as 
well as bricks for damp-proof courses (Table 2.3). The less water infiltrates into 
brick, the higher the durability of the brick and resistance to the natural environment 
(Lin et al., 2001). 
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Table 2.3: Water absorption/ initial rate of suction (BS 3921:1985) 
Class  Water absorption 
Engineering A 
Engineering B 
≤4.5 
≤7.0 
Damp-proof course 1 
Damp-proof course 2 
≤4.5 
≤7.0 
All others  No limits 
Note 1: There is no direct relationship between compressive strength and water absorption as given in 
this table and durability  
Note 2: Damp-proof course 1 bricks are recommended for use in buildings whilst damp-proof course 
2 bricks are recommended for use in external works (see Table 13 of BS 5628-2:1985) 
 
2.4.4.4 Firing Shrinkage  
 
The quality of bricks can be further assured according to the degree of firing 
shrinkage. Specimens will be measured after being fired in the furnace.  Normally a 
good quality brick exhibits shrinkage below than 8%. Shrinkage is a measurement to 
determine any changes of variation occurring in the brick within firing (Lin et al., 
2001). 
 
2.4.5 Leachability 
 
Leachability is a process of extracting minerals or heavy metals from a solid by 
dissolving it to a liquid either naturally or human-made. In this study research, a 
solid waste and samples exhibit the characteristics of toxicity according to the 
Toxicity Characteristic Leaching Procedure (TCLP) test method 1311, Synthetic 
Precipitation Leachate Procedure (SPLP) test method 1312 and Static Leachate Test 
American Nuclear society (ANS- ANSi/ANS 16.1. 2003) . Material extraction from 
the representative sample toxicity will be checked based on the Environment 
Protection Agency (EPA) hazardous waste number in Table 2.4 which corresponds 
to the toxic contaminant causing it to be dangerous and hazardous.  
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Table 2.4: Maximum concentration of contaminants for the toxicity characteristic 
(Environmental Protection Agency, 2009)  
EPA HW No.
1
 Contaminant CAS No.
2
 Regulatory level (mg/L) 
D004 Arsenic 7440-38-2 5.0 
D005 Barium 7440-39-3 100.0 
D006 Cadmium 7440-43-9 1.0 
D007 Chromium 7440-47-3 5.0 
D008 Lead 7439-92-1 5.0 
D009 Mercury 7439-97-6 0.2 
Notes: 
1
Hazardous waste number. 
2
Chemical abstracts service number. 
3
Quantitation limit is greater than the calculated regulatory level. The quantitation limit therefore 
becomes the regulatory level. 
4
If o-,m-,and p- Cresol concentration cannot be differentiated, the total cresol (D026) concentration is 
used. The regulatory level of total cresol is 200 mg/L. 
 
2.4.5.1 Impact of heavy metals towards the environment and human health 
 
Heavy metal refers to any metallic element which has a relatively high density and is 
toxic or poisonous at lower concentrations (Morais et al., 2012; Duruibe et al., 2007; 
Garbarino et al., 1995). Heavy metals are present in the environment due to human 
activities like mining, fuel production, sludge dumping, chemical painting, galvanic 
process, metallurgic, melting operation and ceramics (Nouri et al., 2009; Ziemacki et 
al., 1989). Heavy metals in sludge are also a main concern in most investigation 
researches and heavy metals such as Cadmium (Cd), Chromium (Cr), Lead (Pb), 
Nickel (Ni), Copper (Cu), Mercury, Zinc (Zn), Iron (Fe) And Aluminium (Al) 
(Kudakwashe et al., 2014; Majid et al., 2012; Oliveira et al., 2007) were studied. 
Heavy metals are  a natural element of the earth’s crust and easy to find. 
According to Reena et al. (2011), exposure to heavy metals can cause deleterious 
health effects in humans. Heavy metals that have contaminated the environment 
could potentially harm animal and humans.  
In developing countries, there is an enormous contribution of human 
activities to the release of toxic chemicals, metals and metalloids into the 
atmosphere. The problem of environmental pollution due to toxic metals has begun 
to cause concern now in most major metropolitan cities (Reena et al., 2011). Food 
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chain contamination by heavy metals has become a burning issue in the recent years 
because of their potential accumulation in the biosystems through contaminated 
water, soil and air (Reena et al., 2011). Heavy metals are metal compounds that can 
impact human health. There are several common heavy metals which are definitely 
toxic such as Manganese (Mn), Arsenic (As), Barium (Ba), Nickel (Ni), Cadmium 
(Cd), Lead (Pb), Mercury (Hg), Selenium (Se), and Silver (Ag) (Hariprasad et al., 
2013). Generally, these heavy metals occur naturally in the environment at low 
levels. However, higher concentrations of heavy metals can be harmful. 
 
2.4.5.1.1 Arsenic (As) 
 
Aside from occurring in the environment, arsenic can be released in large quantities 
through volcanic activity, erosion of rocks, forest fire and human activities 
(Sieckhaus, 2009). Apart from that, arsenic is also found in paints, dyes, metals, 
drugs, soaps and semiconductors. Arsenic is odourless and tasteless. Inorganic 
arsenic is a known carcinogen and can cause cancer of the skin, lungs, liver and 
bladder (Dikshith, 2009).  
 
2.4.5.1.2 Barium (Ba) 
 
Barium is a very abundant, naturally occurring metal and used for a variety of 
industrial purposes. Barium compounds are used in drilling muds, paint, brick, 
ceramics, glass and rubber. However, barium is not known to cause cancer. Exposure 
to high concentrations of Barium can cause vomiting, abdominal cramps, diarrhea, 
difficulties in breathing, increased or decreased blood pressure, numbness around the 
face and muscle weakness (Dikshith, 2011). Besides that, large amounts of barium 
intake can cause high blood pressure, changes in heart rhythm and possibly death. 
 
2.4.5.1.3 Cadmium (Cd) 
 
Cadmium is a very toxic metal. All soils and rocks, including coal and mineral 
fertilizers contain some amounts of Cadmium. It is used extensively in electroplating. 
Long term exposure to Cadmium can lead to kidney disease, lung damage, and 
fragile bones (Darwish, 2013). 
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2.4.5.1.4 Chromium (Cr) 
 
Chromium is found in rocks, animals, plants and soil. Chromium compounds bind to 
soil and are not likely to migrate to ground water. However, they are very persistent 
in the water sediments. Chromium has been used in metal alloys such as stainless 
steel, pigments for paints, cement, paper, rubber, composition floor covering and 
other materials. Chromium can cause breathing problems, such as asthma and cough. 
Skin contact with Chromium can cause skin ulcers and also allergic reaction 
(Dikshith, 2011). 
 
2.4.5.1.5   Lead (Pb) 
 
As a result of human activities such as fossil fuel burning, mining and 
manufacturing, lead and lead compounds can be found in all parts of our 
environment. This includes air, soil and water. Lead is used in many different ways. 
Lead can affect every organ and system in the body such as weakness in the fingers, 
wrists or ankle; small increase in blood pressure and anemia. Exposure to high lead 
levels can severely damage the brain and kidneys and possibly cause death 
(Seneviratne, 2007). In pregnant women, high levels of exposure of lead may cause 
miscarriage. Meanwhile, high level of lead exposure in men can damage the organs 
responsible for sperm production (Anjum et al., 2012). 
 
2.4.5.1.6   Mercury (Hg) 
 
Mercury is an element that occurs during human activity or in the environment 
naturally. Mercury can be found as a silver liquid form at room temperature. Mercury 
is considered a heavy metal that can evaporate to form an odourless, colourless 
vapour. The inhalation of mercury vapour affects the human nervous system, 
digestive system and immune system (Wang et al., 2009).  
 
 
 
 
 
21 
 
2.4.6 Indoor Air Quality 
 
Indoor Air Quality (IAQ) is a term that refers to the air quality within and around 
buildings, structures and working places. IAQ is related to health and the comfort 
level of closed areas where humans work. The Department of Occupational Safety 
and Health (DOSH) has been following the Industry Code of Practice on Indoor Air 
Quality (ICOP-IAQ, 2010) and that has been stated as a standard requirement. These 
standards give protection of health to employees and other occupants in an enclosed 
environment.  
 Based on ICOP-IAQ, there are several assessments to be considered when 
conducting the test. For example, the sources of indoor air contaminants, occupants’ 
exposure to environmental tobacco smoke and occupants’ exposure to air 
contaminations, either from indoor or outdoor sources. The prescribed activities in 
the building should also be considered. This test was conducted to ensure the 
adequacy of mechanical ventilation at the place of work. It could also show the 
necessary actions to be taken to improve the indoor air quality of the workplace. 
 Inspection provides basic information on the factors which affect indoor air 
quality. The common measurements of the specific physical parameters and indoor 
air contaminants are presented in Table 2.5 and Table 2.6 based on ICOP-IAQ. 
 
Table 2.5: Acceptable range of specific physical parameters (ICOP-IAQ, 2010) 
Parameter Acceptable range 
(a) Air temperature 23-26 °C 
(b) Relative humidity 40-70% 
(c) Air movement 0.15-0.50 m/s 
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Table 2.6: List of indoor air contaminants and the acceptable limits (ICOP-IAQ, 
2010) 
Indoor air contaminants 
Acceptable limits 
ppm mg/m
3
 Cfu/m
3
 
Chemical contaminants  
a) Carbon monoxide 
b) Formaldehyde 
c) Ozone 
d) Respirable particulates 
e) Total volatile organic compounds (TVOC) 
 
10 
0.1 
0.05 
- 
3 
 
- 
- 
- 
0.15 
- 
 
- 
- 
- 
- 
- 
Biological contaminants 
a) Total bacterial counts 
b) Total fungal counts 
 
- 
- 
 
- 
- 
 
500* 
1000* 
Ventilation performance indicator  
a) Carbon dioxide 
 
C1000 
 
- 
 
- 
Notes : 
 For chemical contaminants, the limits are eight-hour time-weighted average airborne 
concentrations. 
 mg/m3 is milligrams per cubic meter of air at 25° Celsius and one atmosphere pressure. 
 ppm is parts of vapour or gas per million parts of contaminated air by volume. 
 cfu/m3 is colony forming units per cubic meter. 
 C is the ceiling limit that shall not be exceeded at any time. Readings above 1000ppm are 
indication of inadequate ventilation. 
 *excess of bacterial counts does not necessarily imply health risk but serve as an indicator for 
further investigation.  
 
2.4.6.1 Impact of gas emissions towards the environment and human 
health 
 
Morani et al. (1995) and Godish (1995) had listed the main pollutants of indoor air 
including inorganic, organic, and physical pollutants, environmental tobacco smoke, 
combustion generated, microbial and biological contaminants and radioactive 
pollutants.  
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2.4.6.1.1 Total volatile organic compounds (TVOC)  
 
Total volatile organic compounds (TVOC) have received great attention due to its 
high quantity and associated impact on health especially in indoor environments. 
Guo and Murray (2001) defined TVOC as one single parameter that is simpler and 
faster for the calculation of the concentrations (or emission rates) rather than 
evaluating several dozens of individual VOCs. Sources of VOCs include carpets, 
building materials, wood panels, paint, occupants, pets and other sources (Posudin, 
2008).  
 
2.4.6.1.2 Carbon dioxide (CO2)  
 
Carbon dioxide (CO2) is an odourless, colourless gas that is formed from burned 
carbon containing substances. It is also produced by human metabolism and exhaled 
through lungs. CO2 is a normal constituent of the earth atmosphere. The presence of 
a high concentration of CO2 gases in indoor air may cause headaches, loss of 
judgment, dizziness, drowsiness and rapid breathing (Hesskosa, 2011; Bearg, 1993).  
 
2.4.6.1.3 Carbon monoxide (CO)  
 
Carbon monoxide (CO) is an odourless, tasteless and colourless gas. It is an 
unreactive gas and readily penetrates from outdoors without undergoing significant 
depletion by physical and chemical processes other than dilution through air 
exchange. According to Jantunen (2006), CO may be generated from incomplete 
combustion due to low quality fuel, poor mixing or low combustion. Once CO is 
present in indoor air or outdoor air, it can be removed only by exchange with fresh 
air. CO can cause irreversible brain damage, coma and even death in high 
concentrations (Hesskosa, 2011).  
 
2.4.6.1.4 Ozone (O3)  
 
Ozone (O3) reactions that occur on material surfaces can lead to elevated 
concentrations of oxidized products in the occupied space of buildings. It is very 
reactive and easily reacts with unsaturated compounds that are commonly found in 
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typical buildings (Levin, 2008). A study by Morrison and Nazaroff (2002) found that 
O3 also react with oils found in linseed oil which is composed primarily of esters of 
linolenic, linoleic and oleic acids. Exposure to O3 emission may pose a greater health 
hazard than the chemicals from which they are formed (Sakr et al., 2006).  
 
2.4.6.1.5 Formaldehyde (HCHO)  
 
Over the years, the release of HCHO in ambient air especially from building 
products has been continuously decreasing. At room temperature, HCHO is a 
colourless gas that is flammable and highly reactive. Sources of HCHO include 
building materials such as wood products (plywood wall paneling, particleboard, and 
fiberboard), combustion sources, environmental tobacco smoke (ETS), durable press 
drapes, textiles and glues (Salthammer et al., 2010).  
 
2.4.6.1.6 Particulate matter (PM10)  
 
Particulate matter (PM10) has been analysed for several years. According to Vitez 
and Travnicek (2010), particle size is an important physical property of solids which 
are used in many fields of human activity. A study by Branis et al. (2005) found that 
sources of particulate matter are not only from indoor activities, but also from 
outdoor activities. PM10 will negatively affect health such as effects on the breathing 
and respiratory systems, aggravation of existing respiratory and cardiovascular 
diseases, damage to lung tissues and premature mortality (Jimoda, 2012).  
 
2.4.7 Overview of sludge waste incorporated into fired clay brick  
 
Sludge can be produced from many different sources and processes; waste settlement 
to the drying process. Bricks are one of the flexible products that gained attention 
from researchers to be incorporated into fired clay brick. Different types of sludge 
materials such as wastewater sludge, water treatment sludge, marble sludge, effluent 
treatment plants (textile industry) sludge and arsenic contaminated sludge have been 
incorporated successfully into fired clay brick by previous researchers. Sludge will 
be categorized into the textile sludge, water treatment sludge, sewage sludge and 
other types of sludge.   
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